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Taiwan commercial native chickens have played a vital role in the domestic market due to Taiwanese traditional
cooking style and culture. This study investigated the genetic characterization and population structure of 10 Taiwan
commercial native chicken populations, together with two exotic breeds and one population of red jungle fowl, using
22 microsatellites. The results showed that Taiwan commercial native chickens generally harbored high genetic
diversity but lower than that of red jungle fowl population in terms of number of alleles and gene diversity. The
neighbor-joining tree revealed a poor resolution with only two branches showing bootstrap values above 70%. Based
on Bayesian clustering approach, thirteen populations were inferred into eight distinct clusters namely Game bird, B
strain, L2 strain, White Broiler and White Leghorn with an average proportion of membership higher than 0.90 and the
values higher than 0.85 for red jungle fowl, Hakka chicken and Hakka strain while four remaining breeds were closely
related together. The population structure showed Taiwan commercial native chickens are more admixed, in contrast
to occidental highly productive breeds. The high genetic variation within breed as shown in the results of the analysis
of molecular variance, facilitated by gene exchanges, did not allow discriminating in an efficient way. This suggests
that the genetic pool of Taiwan commercial native chickens is well distributed among breeds and therefore there is a
good potential for adaptation to new environmental conditions or markets. Some populations, namely L2 strain and B
strain showed very high inbreeding coefficient and thus could be considered at risks. Therefore, management needs to
be taken into account for the populations, to prevent inbreeding depression and maintain genetic diversity.
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Introduction
Chicken meat and egg play an important role in Chinese
traditional cuisine in Taiwan. There was 40 to 50% chicken
meat from imported exotic White broiler (USDA, 2006)
while the remaining meat production comes from Taiwan
commercial native chickens (TCOM). For instance, Red
feathered and Black feathered chickens produce about 80%
of TCOM and the remaining 20% comes from commercial
slow-growing local breeds such as Silkies, Naked Neck,
Game bird, Hakka chicken, Golden chicken and Classical
chicken (Lee, 2006). Taiwan native chickens were frequent-
ly crossed with imported exotic breeds (broiler-type rooster)
to produce TCOM and selected by local farmers for high
body weight, feed efficiency and their ability to adapt to local
conditions since 1960s (Lee, 2006).
Genetic diversity of chicken genetic resources provides the
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basis for genetic improvement in order to increase produc-
tivity but also to adapt domestic populations to changes in
production environments as well as in markets, management
practices, and disease challenges (Tixier-Boichard et al.,
2009; Boettcher et al., 2010). Moreover, the understanding
of the constitution of breeds, effective management and
traceability of breed origin is needed for potential utilization
their genetic resources (Dalvit et al., 2007; Nakamura et al.,
2010).
Population structuring might reflect the management
status and breeding histories of chickens. Using 18 micro-
satellite markers, Berthouly et al. (2009) recently reported
that the scavenging Vietnamese Ha Giang chicken breed was
highly variable and in some localities even exchanged genes
with the wild relatives, red jungle fowl. In contrast, the study
of six Taiwan native chicken breeds under a conservation
program at Chung-Hsing University (NCHU) showed breed
specific features with a multi-criteria approach combining 24
microsatellite markers, the melanocortin 1 receptor (MC1R)
locus, a major histocompatibility complex (MHC) marker
and phenotypic data (Chen et al., 2004; Chen et al., 2005;
Chang et al., 2012). Similarly, Takahashi and Nakamura
(2007), using 24 microsatellites, suggested that four strains
of the Nagoya breed were highly differentiated. These four
Nagoya strains were established for egg and meat production
since many years in Japan.
Taiwan commercial native chickens have been developed
by local farmers for improvement of production efficiency as
well as meat quality, but little information on their genetic
relationships and population structuring is known. This re-
search aims to investigate the genetic characterization and




The TCOM have prevalently appeared to have a big
erected comb, blue shanks, big legs, and a smaller breast with
less fat under skin than exotic broiler, and produce small eggs
but with larger proportion of yolk. They grow faster than
native chickens (i.e., Hua-Tung, Hsin-Yi, Ju-Chi and Que-
moy) and are preferred by Taiwanese consumers because its
meat quality suits to the traditional cooking style and similar
plumage color compared to Taiwan native chickens (Lee,
2006). Red feathered chicken was developed in early 1980’s
through continuously introgression of imported exotic breed
into the small Red feathered chicken and selection for early
maturity and production efficiency. The smaller body-size
Black feathered chickens with white hackles were developed
by farmers in Changhua County in the late 1980’s. In recent
years, Golden chickens were produced by crossing Red
feathered male with Black feathered female. Simultane-
ously, Classical chickens with red-black plumage and strong
shanks were also created. Game bird was a fighting chicken
and local farmers only used hens and capons for food con-
sumption.
Conservation of native chickens in Taiwan started from
1982, when native chickens were collected around the islands
and conserved at NCHU. In the same year, this university
began to establish chicken lines for specialized purposes.
Both L2 and B strains were selected by NCHU from the same
Taiwan native chicken population (Lee, 2006). L2 and B
strains have now been selected for 24 and 26 generations,
respectively, and have been extensively used in research as
well as in production (Chao and Lee, 2001; Chen et al.,
2007). Both strains were closed populations since their
establishment in 1983 while B strain was a male line and L2
was female line for crossing to produce commercial meat-
type chicken. L2 strain has higher egg production, but B
strain is better for meat production after a long-term selection
(Chen et al., 2007). Likewise, Hakka people preferred large
chickens so their chickens had low egg production (Lee,
2006). Thus, NCHU used Hakka chicken sires crossed with
L2 strain dams to establish the synthetic Hakka strain in
order to improve its egg performance since 2005.
Sampling and Genotyping Microsatellite
A total of 493 chickens from 10 Taiwan commercial native
chicken breeds, two exotic breeds and one population of red
jungle fowl with pure white earlobes (G. g. gallus type C)
inhabiting in the continental Southeast Asia (Nishida et al.,
2000; Nishibori et al., 2005) kept in Taiwan were analyzed
together. Red jungle fowl (JF, n＝22) came from Hualien
preserved station (Fig. 1). Two exotic highly productive
breeds were: a parent stock of White broiler (BR, n＝24) and
of White Leghorn (LG, n＝54). Ten TCOM were inves-
tigated: B strain (BS, n＝45), L2 strain (LS, n＝51) and
Hakka strain (HS, n＝27) conserved at NCHU experimental
farm; Hakka chicken (HC, n＝45, from one farm), Black
feathered (BF, n＝46, from three farms), Red feathered (RF,
n＝49, from three farms), Golden chicken (GC, n＝13, from
one farm), Classical chicken (CC, n＝26, from one farm),
Game bird (GB, n＝42, from two farms) and Naked Neck
(NN, n＝49, from two farms). The required laws and re-
gulations regarding the use of chickens have been followed
in scientific research. Blood samples were taken from the
wing vein into the sterile blood collection tubes (BD
Vacutainer, Franklin Lakes, NJ USA) containing 7.2mg K2
EDTA and stored at 4℃ and subsequently genomic DNA
was extracted using the salt extraction method (Miller et al.,
1988) and stored at −20℃. Twenty two microsatellite
markers distributed on 12 autosomal chromosomes (Table 1)
previously used in the AVIANDIV project were chosen for
genotyping 493 individuals. These all 22 markers were
polymorphic in 52 chicken populations from different man-
agement practices and breeding histories (Hillel et al., 2003).
PCR products were analyzed by 3730 DNA Analyzer of
Applied Biosystems and genotypes were read using
GENEMAPER version 4.0.
Data Analysis
The presence of null alleles was tested using FreeNA
software (Chapuis and Estoup, 2007) in which loci with the
estimated frequencies of null alleles (r≧0.2) were considered
to be potentially problematic for calculations. The number
of alleles, effective number of alleles (Weir, 1990) and
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private alleles were calculated by GENALEX 6.41 package
(Peakall and Smouse, 2006). The observed heterozygosity,
expected heterozygosity and Polymorphic Information Con-
tent (PIC) values (Botstein, 1980) were performed by the
CERVUS version 3.0.3 (Kalinowski et al., 2007). More-
over, the FIS values according to Weir and Cockerham
(1984) and exact test for deviation from Hardy-Weinberg
equilibrium (HWE; Guo and Thompson, 1992) were com-
puted by the GENEPOP software version 4.1 (Rousset,
2008). Allelic richness (AR), using a rarefaction method,
was estimated with FSTAT 2.9.3 (Goudet, 2002).
The modified Cavalli-Sforza chord distance DA (Nei et
al., 1983) and Reynold’s genetic distance DR (Reynolds et
al., 1983) were computed by the POPULATIONS package
1.2.32 (Langella, 1999). The phylogenetic tree was con-
structed using neighbor-joining (NJ) clustering method
(Saitou and Nei, 1987) based on pairwise genetic distances
DR (Reynolds et al., 1983) for the 13 populations by the
PHYLIP version 3.69 (Felsenstein, 2009). Bootstrap resam-
pling values of 1,000 was performed to test the robustness of
the tree topology. Analysis of molecular variance
(AMOVA) was computed using ARLEQUIN version 3.5.1.2
(Excoffier and Lischer, 2010) and variance components were
estimated among and within the population groups.
Additionally, ten TCOM populations, two exotic breeds
and one red jungle fowl population were used to investigate
the genetic structuring between populations. The Bayesian
clustering method implemented in STRUCTURE 2.3.3
(Pritchard et al., 2000) was performed with admixture model
and with correlated allele frequency to infer the population
structure (Falush et al., 2003) on the BIOPORTAL (Kumar
et al., 2009). In the first step, we ran Structure from K＝1 to
K＝16 as the number of assumed genetic clusters, 50 inde-
pendent runs for each K value with 1×10
6
MCMC iterations
after a burn-in period of 5×10
5
repetitions. The evaluation
of the best K genetic cluster was based on ΔK from K＝2 to
K＝15, 50 runs each K value following Evanno method
(Evanno et al., 2005) using STRUCTURE HARVESTER
v0.6.91 application (Dent and Bridgett, 2012). Then
CLUMPP 1.1.2 (Jakobsson and Rosenberg, 2007) was used
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Fig. 1. The distribution of 10 Taiwan commercial native chicken
populations, two exotic breeds and one red jungle fowl population all
over the country. B strain (BS), L2 strain (LS), Hakka strain (HS),
Hakka chicken (HC), Black feathered (BF), Red feathered (RF), Golden
chicken (GC), Classical chicken (CC), Game bird (GB) and Naked Neck
(NN); White broiler (BR) and White Leghorn (LG); red jungle fowl (JF).
This map was obtained from http://www.infoplease.com/atlas/country/
taiwan.html (Accessed on November 9, 2011).
to estimate the highest similarity coefficient (Rosenberg et
al., 2001) over all runs for different value of K using
LARGKGREEDY algorithm to compute the similarity
function G′. The Q matrix with the highest similarity was
used for graphical representation of individual assignments
by DISTRUCT 1.1 program (Rosenberg, 2004). The second
step applied the method suggested by Rosenberg et al.
(2001) for the evaluation of individual breed assignment. At
K＝2, Game bird was differentiated from other 12 popula-
tions so we ran structure on the 12 remaining populations
using K＝1 to 15 as number of genetic clusters following the
procedures in the first step. The third step, we analyzed
separately the subcluster involving four breeds (i.e., Classical
chicken, Black feathered, Red feathered and Golden chicken)
from K＝1 to 6 and the last subcluster involving two breeds
(i.e., Hakka strain and Naked Neck) from K＝1 to 5 as the
procedures in the first step to quantify the admixture pattern.
Results and Discussion
Polymorphism of Microsatellite Markers
The null allele frequency of all 22 markers was lower than
0.20 (Table 1) so we assumed that null alleles were absent
(Chapuis and Estoup, 2007). As a result, these 22 markers
were used for further analyzes. Among 22 microsatellite
markers, a total of 176 alleles were detected across 13 popu-
lations. The mean number of alleles per locus was 8 and
ranged from 4 to 25. The expected heterozygosity per locus
averaged 0.625 and varied from 0.397 for locus MCW0103
to 0.797 for locus MCW0330. On average, the PIC value
was 0.573 suggested that those 22 markers showed polymor-
phism in 10 TCOM populations, two exotic breeds and the
red jungle fowl population (Botstein, 1980).
Genetic Diversity within Chicken Breeds
Within 10 TCOM populations, the average number of
alleles per breed was 4.0 and ranged from 3.2 for Game bird
to 4.8 for Black feathered chickens (Table 2). The number of
alleles was similar to that of red jungle fowl population (3.8,
Table 2) but higher than that of two exotic breeds (2.9 in
White Leghorn and 3.2 in White broiler, respectively) in this
study. The mean effective number of alleles was 2.4, the
lowest value (2.0) was found in B and L2 strains while the
highest value was 2.7 in Classical chicken. This averaged
value was equal to the one found in red jungle fowl popu-
lation (2.4) but lower compared to the value of 3.7 found in
Indian chickens using 9 microsatellite markers (Pirany et al.,
2007). Among 13 populations, two populations, Hakka
chicken and White broiler had no private alleles. The
observed number of private alleles averaged 2.6 for overall
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Table 1. The profile of 22 microsatellite markers, allele range (bp), annealing temperature (TA, ℃), observed number of
alleles (NA), expected heterozygosity (HE), Polymorphic Information Content (PIC), null allele frequencies (r) and private







PIC＞0.50 indicating a high level of polymorphism, 0.25＜PIC＜0.50 indicating a medium level of polymorphism and PIC＜0.25 indicating a
low level of polymorphism;
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3MCW0222
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236 (0.07)0 .0280 .419
0 .0670 .5210 .598760136 - 15013MCW0216
0 .0300 .5110 .556460219 - 225
60292 - 3197MCW0183
231 (0.70); 241 (0.39)0 .0290 .7120 .750860221 - 2412MCW0206
140 (0.11)
96 (0.05)0 .0360 .5560 .62066096 - 1061MCW0111
307 (0.02); 309 (0.09); 317 (0.10); 319 (0.10)0 .0800 .7300 .76411
0 .498460255 - 2654MCW0098
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8MCW0078
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62152 - 1583MCW0037
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0 .1090 .665
10 TCOM populations. This value is lower than 10 alleles in
red jungle fowl (Table 1) and 9.8 alleles in Indian chickens
(Pirany et al., 2007). Allelic richness, based on minimum
sample size of nine diploid individuals, averaged 3.3 which
varied from 2.7 in B strain to 3.8 in Classical chicken, re-
spectively. This mean value is lower than in red jungle fowl
(3.4) but higher than that of two exotic breeds (2.6 in White
Leghorn and 2.9 in White broiler, respectively), but also
higher compare to Vietnamese local chickens (2.9, Berthouly
et al., 2009). The average values of the observed and ex-
pected heterozygosity harbored 0.439 and 0.531, respec-
tively, which are very similar to the values of 0.419 and
0.536 in red jungle fowl as well as the value of 0.488 found
in six Taiwan conserved chicken breeds using 22 loci
(Berthouly et al., 2008), but higher than the values ranging
from 0.296 to 0.344 and from 0.341 to 0.395 found in four
Nagoya strains, respectively (Takahashi and Nakamura,
2007). This can be partly explained as Nagoya strains were
established in 1919 and have been selected for meat and egg
since then. In contrast, TCOM populations have been man-
aged in a way that enhances gene flow between flocks, and
they have combined gene pools from different breeds (Lee,
2006; Tadano et al., 2007) and thus increase their genetic
diversity. For example, Hakka people prefer to keep their
native chickens but they do not reproduce their own chicks,
they always purchase large and sturdy chicks from hatchery
or salesman irrespective to a specific breed (Lee, 2006).
Such results are also consistent with values observed in
village chickens in both Zimbabwe (Muchadeyi et al., 2007)
and Ethiopia (Goraga et al., 2012) where local chickens have
not been selected for performance traits and are managed in a
free-range system. The FIS values ranged from 0.090 in
Hakka strain to 0.283 in Golden chicken, which is a much
larger range than the range observed in Taiwanese conserved
chicken breeds (−0.053 to 0.068) by Berthouly et al. (2008).
The present values of FIS indicate a high inbreeding in
Golden chicken, red jungle fowl and the remaining nine
TCOM populations but an excess of heterozygotes in White
Leghorn and White broiler populations. On average, 2.8
(0-7) of 22 loci deviated significantly from HWE suggesting
a slight loss of heterozygosity. The high inbreeding rates
reflect the fact that TCOM populations were developed from
a small number of chicken and/or a strong selection for pro-
duction efficiency and meat quality.
Breed Relationship and Population Clustering
The NJ tree based on DR pairwise genetic distance pre-
sented a poor resolution with only two branches showing
bootstrap values above 70%. Hakka and L2 strains were
closed to Naked Neck with bootstrap values of 76.4%, and
then clustering with White broiler with 100% bootstraps (Fig.
2). Hakka strain is a crossbreed between Hakka chicken and
L2 strain. This strain seemed to be closer to L2 strain than
Hakka chicken, which would indicate a higher contribution
of L2 strain than Hakka chicken into Hakka strain.
However, the DA and DR genetic distances amongst these
three breeds were quite similar. The DA genetic distances
between Hakka strain and Hakka chicken, and Hakka and L2
strains were 0.165 and 0.150, respectively, while DR genetic
distances between Hakka strain and Hakka chicken, and
Hakka and L2 strains were 0.161 and 0.189, respectively. L2
and B strains originate from the same original population
while the DA genetic distance between L2 and B strains was





Table 2. Number of samples (n), observed number of alleles (NA), effective number of alleles (NE), number of
private alleles (NP), allelic richness (AR), observed (HO) and expected (HE) heterozygosity, Polymorphic Infor-
mation Content (PIC), inbreeding coefficient (FIS) and number of loci deviating from Hardy-Weinberg equi-
librium test (dHWE) within 10 Taiwan commercial native populations, two exotic breeds and one red jungle fowl
population based on 22 microsatellites
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The PIC＞0.50 indicating a high level of polymorphism, 0.25＜PIC＜0.50 indicating a medium level of polymorphism and PIC＜
0.25 indicating a low level of polymorphism.
White Leghorn (LG) 2 .6
3 .2 2 .2 0 2 .9








4 .0 2 .4 2 .6
0 .541
3 .3




2 .9 2 .1 3
0 .217 7
0 .429 0 .377 −0 .129 1
0 .502 0 .433 −0 .057 0
0 .536 0 .468 0 .223 3
HE PIC
1
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2 .63 .813Golden chicken (GC)
20 .1250 .5090 .5780 .5063 .302 .54 .045Hakka chicken (HC)
3
0 .4150 .4850 .4352 .842 .23 .242Game bird (GB)
30 .2830 .5220 .6070 .4303 .61
4 .846Black feathered (BF)
20 .1690 .5220 .5920 .4813 .832 .74 .526Classical chicken (CC)
00 .108
0 .5210 .4733 .012 .33 .627Hakka strain (HS)
30 .1450 .5220 .5820 .5023 .632 .6
45B strain (BS)
40 .2180 .3720 .4190 .3222 .832 .03 .651L2 strain (LS)
00 .0900 .442
Taiwan commercial native chickens (TCOM):
40 .2200 .3810 .4440 .3632 .712 .03 .3
0.189 (Table 3). This genetic distance is higher than the one
found between two Nagoya strains (0.140; Takahashi and
Nakamura, 2007). Despite this common origin, they did not
cluster in a significant way in the tree. A possible
explanation to this is a strong effect of different selection
objectives: meat vs. egg production lead to a clear
genetic divergence between subpopulations (Takahashi and
Nakamura, 2007). Moreover, small population size and
therefore high inbreeding rates contribute to genetically
differentiate subpopulations having the same origin
(Frankham, 1996; Allendorf et al., 2010).
Table 4 represented the analysis of global AMOVA for 12
Taiwan domestic chicken populations. When 10 TCOM
populations were considered separately and grouped as
TCOM vs. CEB (commercial exotic breeds), a non-signifi-
cant genetic variation was obtained among groups (only 5.8
%, P＞0.05) indicated a very low genetic variation among
two groups. Within groups, either TCOM or CEB, the
highest genetic variation was found within populations (＞75
%). Overall, this indicates a small genetic variation between
populations within and among groups and it is therefore in
agreement with the poor resolution that we found with the
NJ tree.
The well-known Bayesian clustering approach (Pritchard
et al., 2000) detects the population structure based on the
proposition of admixture between genetically divergent
populations without a priori information of breeds
(Allendorf et al., 2010; Tadano et al., 2011) and differs from
traditional methods such as phylogenetic trees which assume
genetic separation between breeds (Granevitze et al., 2009;
Tixier-Boichard et al., 2009). The highest ΔK value was
found at K＝2 (data not shown) according to Evanno et al.
(2005). At K＝2, Game bird was the most distinguished
from other populations (Fig. 3A). Using Rosenberg et al.
(2001) approach, the highest ΔK values for the remaining 12
populations were at K＝3, K＝7 and K＝12. Leroy et al.
(2009) suggested that the highest values for small number of
K are biased with Evanno method as the number of breeds
was crucial in the dataset. At K＝3, only White Leghorn
could be distinguished from the remaining populations.
With regard to K＝7, Hakka strain, Naked Neck and White
broiler were clustered together. For K＝12, the male-line B
strain, the female-line L2 strain, White broiler and White
Leghorn were clearly assigned to their own cluster with
average proportion of membership higher than 0.90 (Table 5)
where a few individuals exhibited a larger degree of ad-
mixture (Fig. 3B). Red jungle fowl, Hakka chicken and
Hakka strain could be assigned to their own cluster (Figs 3B
and 3D) with proportion of membership higher than 0.85
suggesting more recent admixed ancestry as found in Swiss
goats (Glowatzki-Mullis et al., 2008). Naked Neck popula-
tion surprisingly shared more than a third of its genetic pool
with Hakka strain. These results are similar to those found in
the NJ tree. The four admixed populations (i.e., Red feath-
ered, Black feathered, Golden chicken and Classical
chicken), when analyzed apart, still could not be distin-
guished with the low proportion of membership (Fig. 3C).
As their known breeding history, they were genetically
related together. Similarly, a substructure was found in
Naked Neck chicken (Fig. 3D), this chicken breed had a
complex genetic background and individuals were assigned
to diverse clusters. Muchadeyi et al. (2007) also reported
that Zimbabwe chicken population was absent of substructur-
ing among five ecotypes due to extensive gene flow among
populations. Furthermore, breeds with high-within-breed
diversity (HE) revealed a low assignation by using Bayesian
cluster approach as suggested by Leroy et al. (2009).
The population structure results showed that Taiwan com-
mercial native chickens are more admixed, in contrast to
occidental highly productive breeds. The high genetic varia-
tion within breed as shown in AMOVA results, facilitated by
gene exchanges, did not allow discriminating in an efficient
way for all the populations. The results suggest that the
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Fig. 2. Neighbor-joining tree of 10 Taiwan commercial
native chicken populations, two exotic breeds and one
red jungle fowl population based on DR genetic distance.
Bootstrap values≥70 were presented. The abbreviation of
chickens is: red jungle fowl (JF); White Leghorn (LG);
White broiler (BR); 10 Taiwan commercial native chickens:
Game bird (GB), Classical chicken (CC), B strain (BS),
Hakka chicken (HC), Naked Neck (NN), Hakka strain (HS)
and L2 strain (LS), Black feathered (BF), Red feathered
(RF) and Golden chicken (GC).
genetic pool of Taiwan commercial native chickens is well
distributed among breeds and therefore there is a good
potential for adaptation to new environmental conditions or
markets. Therefore, management needs to be taken into
account for the populations, especially B strain, Golden
chicken and L2 strain with FIS values above 0.20, to prevent
inbreeding depression and maximize genetic diversity as
suggested by Eding et al. (2002) and Toro et al. (2009)
methods.
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Table 3. The DA genetic distance below the diagonal and DR above the diagonal between pairs of 10 Taiwan commercial







Red jungle fowl (JF), Game bird (GB), Classical chicken (CC), Red feathered (RF), Golden chicken (GC), Hakka strain (HS), Hakka chicken
(HC), Black feathered (BF), B strain (BS), L2 strain (LS), White Leghorn (LG), White broiler (BR) and Naked Neck (NN).
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Table 4. AMOVA partitions of 10 Taiwan commercial native chicken popula-
tions and two exotic breeds based on 22 microsatellite markers
TCOM vs. CEB
All 12 breeds − in one group
Groups
1
Ten Taiwan commercial native chickens were consisted of B strain (BS), L2 strain (LS),
Hakka strain (HS), Hakka chicken (HC), Black feathered (BF), Red feathered (RF), Golden
chicken (GC), Classical chicken (CC), Game bird (GB) and Naked Neck (NN).
2
Commercial exotic breeds were consisted of White broiler (BR) and White Leghorn (LG).
The significance tests were computed based on 1,023 permutations; P values (Probability level)
were given in parentheses.
CEB
2





17 .64 (0 .000) 76 .53 (0 .000)
24 .68 (0 .000)
5 .83 (0 .058)
Ten TCOM
1
− in one group
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Fig. 3. Genetic structure of 10 Taiwan commercial native chicken populations, two exotic breeds and one red
jungle fowl population. A: Clustering diagrams of 10 Taiwan commercial native chicken populations, two exotic
breeds and red jungle fowl population obtained from K＝2, using Q matrices over 50 runs with the highest
similarities. B: Clustering diagrams of nine Taiwan commercial native chicken populations (i.e., after removing
Game bird population), two exotic breeds and red jungle fowl population obtained from K＝3, K＝7 and K＝12. C:
Clustering diagrams of four populations (i.e., Classical chicken, Black feathered, Red feathered and Golden chicken)
were at K＝4. D: Clustering diagrams of two populations (i.e., Naked Neck and Hakka strain) at K＝3. The black
lines separate individuals of different populations: red jungle fowl (JF), Game bird (GB), Classical chicken (CC),
Black feathered (BF), Red feathered (RF), Golden chicken (GC), Hakka chicken (HC), Naked Neck (NN), B strain
(BS), L2 strain (LS), Hakka strain (HS), White Leghorn (LG) and White broiler (BR).
Inferred clusters
2
Table 5. The proportion of membership of each of the nine Taiwan commercial native chicken populations, two exotic








Red jungle fowl (JF), Classical chicken (CC), Black feathered (BF), Red feathered (RF), Golden chicken (GC), Hakka chicken (HC), Naked
Neck (NN), B strain (BS), L2 strain (LS), Hakka strain (HS), White Leghorn (LG) and White broiler (BR).
2
The contribution higher than 0.80 are in bold; n: Number of samples.
BF
0 .080 0 .016
0 .019 0 .008 0 .006 0 .007 0 .006
1 2 3 4
0 .006
5
0 .0070 .006 0 .008 0 .905 0 .009 0 .009
0 .037
0 .185 0 .036 0 .023 0 .024
CC
0 .0190 .015
0 .556 0 .018 0 .013 0 .014 0 .075
0 .015 0 .003 0 .015
8 10 1297
0 .008 0 .012 0 .008
0 .482 0 .013 0 .130
0 .103
0 .0130 .003
460 .0420 .0230 .008
260 .0520 .0310 .005
220 .0150 .0050 .895
n11
0 .0040 .0030 .0020 .0050 .0040 .0050 .0030 .0030 .003LG
240 .013
0 .0090 .0050 .8580 .0070 .0030 .0060 .0210 .0170 .0390 .0080 .016HS
540 .0030 .0030 .962
510 .0060 .0050 .0040 .0140 .0100 .0040 .0100 .9240 .0080 .0050 .0050 .005LS
270 .011
0 .012HC
450 .0060 .0100 .0110 .0100 .0070 .0060 .9010 .0130 .0120 .0110 .0080 .006BS
0 .0460 .0280 .028NN
450 .0130 .0080 .0100 .0090 .0110 .0030 .0110 .0160 .0240 .0130 .868
0 .0100 .0090 .0330 .0590 .193GC
490 .0530 .0110 .0180 .3210 .0360 .0110 .0230 .0230 .402
0 .0050 .0130 .0110 .0150 .0350 .0130 .015RF
130 .1500 .2960 .0440 .0100 .0970 .0100 .088
490 .2880 .4740 .0080 .0130 .110
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